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Abstract >> Carbon neutrality has been suggested to overcome the global cli-

mate crisis caused by global climate change. Hydrogen energy is a major way to
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achieve carbon neutrality, and the developments and policies of hydrogen tech-
nology have been proposed to achieve this goal. To commercialize hydrogen en-

ergy resources, it is necessary to understand the overall value chain composed
of hydrogen production, storage, and utilization and to present the direction of
technological developments. In this paper the hydrogen strategies of major coun-
tries, including Europe, the United States, Japan, China, and South Korea will be
analyzed, and hydrogen technologies by value chain will also be explain. This pa-
per will contribute to understanding the overall hydrogen policy and technology
, as both policy and technology are summarized.

Key words : Carbon neutral(BtA %
Hydrogen policy(%A M #), Hydrogen technology($

1.M2

A AAROR B, B4,
ARzt el wek 715 9171 3
sfo] SR SaAZY a0
AT, AR faduAE F
ARG, 7t A, A8
o LA WskE Zefstel HA)

ol

Ayl =

QB

A A b

(oo}

562

A), Value chain(i & x| ol),
A2 78)

&), Hydrogen($

9] Yo] B ARZ ojmgck o) 4
74, AR, AR E B-g3to] X

= }\]-_Q-o]—_TI__ o]E ;qu ol ﬂ_&at 1}
2 28 uA Yo AgsHE AL
2= BAazYL AFs] 2

116 8=

2023 The Korean Hydrogen and New Energy Society. All rights reserved.



AZdo] Az, YdEYo}l A%, 35 ¢

5 TR HololA A9l Uz ARgE Sk
Gt B7] FUH Aot BT SIS B
719 B ARSI RAE L B Q7] uh
o 1Bl AU ol THsstk S

Zs|
L O 2820] 75%2 AT ArF ZHF} 2} o]

ARk, Aol E Eolv #71ektE FEHIE A
5p7] 2ol gAY 2831 Helides 71eH
dol=7k wi . SHARE A4S AakshAl HE
Hgolu 85 9t A7t 67 ARl 7hsst
O e 7L Q71 gzl Ag-stell Higt 7]

=
7) 918l 4k T Y 71 AN SR AL o)
oFshAl ek ek,

G AR oA Ak W ARk H85
of g $aE AZTH YAOIA A2t
of WAL G Folv] A5 LA HES A

© ez At 7lse] /EEIL 9o, 4
s
T

tote
ol
o

1T O O0—

B ERAE o A Y, 25 W BE 2
ofl] that A G4 WA W 714 AL B
4 %

i A Al Rz} shy, o]et T Fl] A

3.
PL
X
fo
ol
H
=
o
2
X
4
b
o
i
e
21"
2
2

shand g,

Vol. 34, No. 6, December 2023

MH2 563

2. =LiQ| A

e ¥ ehagy FAa AAste] AR YA
Pdo] W= o] Fo]Z|aL gl o, o]o
L Q) &

A& 4~P35kal Qti(Table 1).

2.1 9| Mz
211 88

8- A 3K European Union, EU)o A= 2020 7€
o] ‘hydrogen strategy for a climate-neutral Europe’©]
e $a A asiged’, ok ottt
AE EUT e wiEo] A9 glof T 5ol
AopHo|n At x| Yoleta weste] 2050
d ey B 9yo] B4 7)Soleka AASY

t}. olof we} EU= 5344 (European Clean

o
Hydrogen Alliance)E 3A1Zo2 &Hslgon, 4
& Hofe] HeF ZEYS AT S ol

— =

55718, AR 2 AR AR 7 s freskal 9l
o

EUS] 2050 4224 R2EW o] &
Ao 7IRkeE ZIigase] Fesiar QAR e S
714 7] GA R Agtaapart Fasiekal Al
skal Qltk Agtaas AN fleihE &
Arepekas RO gt 714 Aol dasit)h mey
o= FHO 4 AEHAE sk 218l 20504
7RO ALE F 3TA R FEske] AASHH 1T
ARl 202055 2024d7HA] 9] Al 24 6 GW
o] Jdpar Adfjx A, 2o 199t £ a-lpa

=
rr
of
o
5
X
3
=

Journal of Hydrogen and New Energy <<



rar
ofok

Table 1. Hydrogen strategies of major countries'”

& %
ﬁ.#

Europe United States Japan China Australia South Korea
A hydrogen strategy Road Map to US Basic Hydrogen 3060 Target Australia’s National Roadmap for
Strategy for a climate-neutral | Hydrogen Economy Strategy Hydrogen Strategy revitalizing the
Europe hydrogen economy
. European Clean  |Department of Energy Government Government Government Government
Organization X
Hydrogen Alliance | (Federal government)
+ 2050 Hydrogen + Theroad map is  |(1) Dramatic * Medium-to-long-te| * Building a * Roadmap for
Roadmap organized into four expansion of m development hydrogen hub, a hydrogen
key phases: hydrogen use plan for hydrogen Large-Scale technology
+ Three-step plan by | (1) Immediate steps (from present) energy hydrogen cluster development
2050 to transform (2020-2022)  |(2) Full-fledged
Europe into a (2) Early scale-up introduction of * Use hydrogenasan| * (~2022) Creatinga| * Established the
hydrogen (2,023-,2025,) hydroge'n power energy source to hydrogen world's first
ecosystem (3) Diversification generation and achieve ccosystem, legislation on
. (2026-2030) cstablishment of a decarbonization building a hydrogen economy
+ One million tons of|  (4) Broad rollout large-scale and carbon hydrogen hub, and development and
recycled hydrogen (2031 and hydrogen supply neutralit optimizing a global|  hydrogen safety
. y iy gag
to decarbonize beyond) system (by the hydrogen supply management
industrial plants second half of the I tin hyd chain
L * Invest in hydrogen
and commercialize| - Each phase also 2020s) energy tec}}llnolfgy - The basic plan for
them in large scale describes the (3) Establishment of a o5 2 national . (2022-2030) the transition of the
T illi £ cntu?al enablers CO;-free research and Reducing hydrogen economy
" enmithion fons o required, hydrogen supply development hydrogen unit
recycled hydrogen categorized as (1) system on a total . .
production and i . project price, * 2050 Carbon
policy enablersand|  basis (by around trenotheni i
hydrogen as the strengthening Neutrality
ydrog (2) hydrogen 2040) . . .
le of th * Introduction of growth capacity, Achievement Plan
corera’e o e supply and end-use h and developing
integrated energy equipment enablers| « It is implementing a geen . ydrogenasa CCUS technology .
Pl system direction of * Hydrogen is
an hydrogen strategy hydr
* Green hydrogen, based on leading ydrogen energy . Q030 E " selected as a
+ De-carbonization of] blue hydrogen, as echnology for development (2030~) Expanding|  pational essential
all fields with well as pink ? hydrogen and (Established the the hydrogen strategic
regenerated hydrogen. ar ded in world's first green economy and technology
hydrogen EroBen, are succeeded hydrogen standard)|  securing
ol included in the demonstrating productivity to )
technology clean hydrogen maritime transport meet the demand of! * Securing
T h range, aiming to of liquefied Australian large-scale clean
do prmzofte the achieve a hydrogen|  hydrogen carriers hydrogen hydrogen supply
herdI;aH or gre]e)n economy through for the first time in importers and related
d?,ff 0gen, a carbon| ¢ plete the world technologies to
S)llsteerrini(;e contract self-sufficiency build a clean
. : : hydrogen
introduced, and it is F L Itaims to lmpon ccosystem
expected to be ocuse§ on suPR y | from Austra?la,
applied first to the promotion policies|  South Amenca, . Aoplication of
opening and that can lower the and the Middle East pplication o
electrification of cost of producing because ?t is Clii'r{lihygrogen
clean hydrogen in clean hydrogen ' challenging to (S:estlen(ia 10n
industrial through Productlon supply cle?n Y
processes tax credits, hydrogen itself
investment tax
credits, CCUS tax
credits
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‘White hydrogen refers to naturally occurring hydrogen

Electtolysis

Renewable energy (Wind/Solar/HydroGeothermal/Tidal)

Nuclear power
Electtolysis

* Mixed-origin grid energy
* Electrolysis

* Natural gas/Coal

H,

* Natural gas forming + CCUS Gasification + CCUS

|’ * Natural gas
* Pyrolysis
H * Natural gas
2| * Natural gas reforming
|+ Brown coal
* Gasification
Black coal

. f

Gasification

)

Table 2. Definition and detailed technology information by hydrogen value chain'"

Fig. 1. The hydrogen color spectrum by production sources'"”

Definition Current status Specific technology Future technology
Securing blue hydrogen
. production system to
. + White hyd L
A technology for producing| + Large amounts of CO» e ydrogen respond to initial hydrogen
. e . + Blue hydrogen
Production |hydrogen from a compound| emissions during demand
. . + Green hydrogen .
containing hydrogen hydrogen production . Securing green hydrogen
+ Pink hydrogen .
technology using water
electrolysis systems
- Physical storage
- Liquid hydrogen storage  |Large-capacity hydrogen
- Lack of physical and - Geological storage £ t
Storage of hydrogen for ac .0 physical an g g storage system
Storage Lrhose chemical technology | - Chemical storage Development of hydrogen
puip for hydrogen storage - Ammonia storage materials and
- Liquid organic hydrogen ~|containers
carrier (LOHC)
- Land transportation
+ Marine transportation
Technology fi - H
. ectno O.gy OF o . ydrogen - Air and space transportation|Mobility for bulk
Transportation |transporting, distributing, import/export base .o .
and supply accordingl required " Pipelines transportation
PPy 24 q - Tube trailer
- Liquid tanker truck
. . Greenhouse gas - Energy generation Devel.opment of fuel cell
Power generation and .. - Fuel cell materials and components
industrial systems that emissions from coal ion|and power generation
o a Y power generation, steel | ~ Carbon-free fuel generation p g
Application |utilize hydrogen to produce| . system
.. industry, cement - Indust .
electricity and heat manufacturin ndustry Securing a power
industry. et g - Industrial fuels generation system using
ry, ete. - Raw materials carbon-free fuel
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